In order to show equivalence of mass standard determination among NMIs of CIPM member countries, key comparisons of mass standards have been carried out under the auspices of the Comité Consultatif pour la Masse et les Grandeurs Apparantées (CCM). At each NMI, mass standards are derived from one kilogram by means of the multiples and submultiples methods. The pilot laboratory, NMIJ, prepared five sets of transfer standards. Any set of transfer standard consists of five pairs of mass standards with nominal values of 200 mg, 1 g, 50 g, 200 g and 2 kg. The nominated twenty participants have been divided into four groups and the corresponding four sets of transfer standards have been circulated within the groups simultaneously while remaining one set has been kept at the pilot laboratory for the stability evaluation. The pilot laboratory measured the volumes, the centres of gravity and the magnetic properties, susceptibilities or magnetism, of the standards before the circulation and has reported these values to the participants. The pilot laboratory has also verified the stability of all travelling standards in advance. Nineteen laboratories have reported final results to the pilot. Nine participants belong to EURAMET, three belong to COOMET but two of them also belong to EURAMET, four belong to SIM, and five belong to APMP. Table 2 shows all the results associated with their uncertainties reported by the participants. As shown in the table 3 the majority of the instabilities of the transfer standards during their circulation were less than claimed uncertainties of the participants except for few standards of small mass, 1 g and 200 mg. These instabilities are considered for uncertainty evaluation within the group. All reported results among different groups have been linked based on the average values of transfer standards before and after the circulation. Tables 10 to 19 show the differences   2 and associated expanded uncertainties referred to a confidence level of 95% between any combination of the laboratories in the form of matrices. They show few outliers, one at 2 kg and 200 g, three at 50 g, and two at 200mg.
Mass standards By November 1999, NMIJ purchased five sets of transfer mass standards. Each set contains five pairs of weights for five nominal values of 2 kg, 200 g, 50 g, 1 g, 200 mg. These weights are made of non-magnetic stainless steel and have the forms and characteristics that are recommended by OIML [4] for the accuracy class E 1 (figure 1). Four of the five sets have been delivered to four divided petal groups of participants which were chosen in consideration of transportation efficiency. The fifth set has remained at NMIJ as the stability reference. The density, the magnetic susceptibility, the center positions, and the mass of all standards except the density of the 200 mg standards were determined at NMIJ (table 1). The stability of the standards has been observed at NMIJ for about two and a half years before the comparison started and found to be small enough for the purpose of this comparison (table 3) . The pilot laboratory, NMIJ, characterized the weights and revealed the following characteristics. Table 1 . Characteristics of the transfer mass standards used for the comparison. , J2,J3,J4,J5 OIML 7904.7 ± 0.47 13.3 ± 0.5 < 3 μT 50 g-Jy J6, J7,J8,J9,J0 OIML 8006.5 ± 0.47 13.3 ± 0.5 < 3 μT 1 g-Jx J1, J2,J3,J4,J5 OIML 7856 ± 2.6 2.7 ± 0.5 < 3 μT 1 g-Jy J6, J7,J8,J9,J0 OIML 8000 ± 2.6 2.7 ± 0.5 < 3 μT 200mg-Jx J1, J2,J3,J4,J5 OIML(Sheet) 7950 ± 50* -----< 3 μT 200mg-Jy J6, J7,J8,J9,J0 OIML(Wire) 7950 ± 50* -----< 3 μT * Density values of the weights are expected from the material specification. The cubic thermal expansion coefficient is supposed to be 4.8 x 10 -5 .
200 mg weights 1 g, 50 g, 200 g, and 2 kg weights 
Carrying case
The carrying case can be hermetically sealed and has separate holes to hold the weights tightly. The weights are wrapped in clean optical paper and fixed at their positions by such paper stuffed into the holes. The dimensions of the case are 380 mm width, 360 mm depth, and 160 mm height, the total weight including transfer mass standards are summed up to around 12 kg. The pictures of the carrying cases are shown in the figure 2. 
Summary of the results reported by the participants 4.1
Reported values of mass and combined uncertainty There were four sets of transfer standards for circulation each of them has been circulated simultaneously within four participant groups, A, B, C, and D. Group A consists of KRISS, NMIA, NMIJ, and NIM. Group B consists of CENAM, INMETRO, NRC, and NIST. Group C consists of VSL, VNIIM, GUM, INRIM, and METAS. Group D consists of NPL. PTB, CEM, LNE, and SMU. Table 2 shows the results of reported mass values and their associated combined uncertainties as given by the participants and the pilot laboratory. Results under names of NMIJ_X1 and NMIJ_X2 of any group X are measured values by NMIJ in the same periods before and after the circulation respectively. These results should be used only to make linkage among the four sets of transfer standards. The pilot, NMIJ, also reported its results as one of the laboratory. For each nominal mass value, there are two series of separate group of transfer mass set Jx and Jy. The results for Jx and Jy should be independent but their deviations should show the similar characteristics because both should be calibrated with the same standard at each participant laboratory.
4.2
Changes and corrections accepted by the participants One participant withdrew its participation. Three participants applied for changes to their results. One was accepted as follows, and the other two were declined by the participants. 1) The second participant of group D made its measurements but the result was not reported to the pilot, and the participant withdrew its participation status. 2) The participant from VNIIM asked to change one of the reported values of 200 mg from +0.0049 mg to -0.0049 mg because of simple mistake. This change was accepted. 
5.3
Linkage among transfer standards of different petals During the circulation each transfer standard might have some change in mass that could mainly be estimated with the data in table 3 taken by comparing the transfer standard against the NMIJ standard. This mass change value would not be perfectly determined because the NMIJ standard also might have some change to some extent as well. But it is supposed that the relative mass differences among transfer standards could be evaluated with uncertainties according to the NMIJ capability of mass comparison at each moment before and after the circulation. The uncertainties of defference values are supposed to be comparable with the standard deviation of the mass values in table 4 that shows reproducibility of the set of transfer standards kept in NMIJ without transportation. Therefore it is supposed that mass changes of the transported transfer standards in table 3 could have the uncertainties shown in table 4.
Even though it is not clear when and how much the mass change would happen in each transfer mass standard, we can see relations among reported values of participants in the same petal by using the average of the mass values with uncertainties estimated by mass change amount of taransfer standard before and after the circulation as the representing point. 
As mentioned previously, the NMIJ standard mass values should be used only for linking the participant's values among different petals, the NMIJ participated as one of the participants within the circulation and has a laboratory number as well. Therefore there are not strict reference values unless the average or the median values should be adopted. We adopt the median as the reference in this estimation. 
The deviation of each reported mass value of participant A is expressed in the next equation.
In this expression, there is no influence from the NMIJ mass standard except for the repeatability of comparison among same type of weight set in short period that is usually small enough. 
Uncertainty estimation of the comparison
The equivalence of each reported mass value should be estimated by comparing the deviation from the median A eq m and its uncertainty that could be calculated as follows.
Results of all the participants estimated based on the concept mentioned above are shown in 
Results concerning equivalence between every pair combination among the participants are shown in tables from table 10 to table 19.
Conclusions
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